[Abstract] Changes in reward seeking behavior often occur through incremental learning based on the difference between what is expected and what actually happens. Behavioral flexibility of this sort requires experience with rewards as better or worse than expected. However, there are some instances in which behavior can change through non-incremental learning, which requires no further experience with an outcome. Such an example of non-incremental learning is the salt appetite phenomenon. In this case, animals such as rats will immediately seek out a highly-concentrated salt solution that was previously undesired when they are put in a novel state of sodium deprivation. Importantly, this adaptive salt-seeking behavior occurs despite the fact that the rats never tasted salt in the depleted state, and therefore never tasted it as a highly desirable reward.
to discrete salt-paired cues following sodium depletion in the absence of salt before it has been tasted as a desirable reward. In addition, adaptive salt-seeking has also been observed with contextual cues following sodium depletion (Stouffer and White, 2005 ).
In the brain, there is clear evidence that the central nucleus of the amygdala Seeley et al., 1993; Tandon et al., 2012; Hu et al., 2015) , lateral hypothalamus (Wolf and Quartermain, 1967 ; Tandon et al., 2012) , and the nucleus accumbens (Roitman et al., 2002; Voorhies and Bernstein, 2006 ; Loriaux et al., 2011; Tandon et al., 2012) are important for the consumption of salt following sodium depletion in order for animals to replenish the deficit. However, there has been surprisingly little work done on the neural circuitry mediating cue-driven salt seeking following sodium depletion. In other words, it is mostly unclear how the brain enables animals to seek out salt in a novel deprivation state. In a recent study, we showed that the ventral pallidum (VP) plays an important role in this phenomenon Copyright (Chang et al., 2017) . The VP has previously been shown to track the changes in value of salt-paired cues before and after sodium depletion (Tindell et al., 2009; Robinson and Berridge, 2013) . However, it was previously unknown whether the VP is necessary for mediating salt appetite in terms of cue-driven salt seeking or salt consumption. Using a novel CPP procedure, described here, we showed that optogenetic inhibition of the VP impairs context-driven salt seeking but not the consumption of salt itself following sodium depletion (Chang et al., 2017) .
The protocol we have used to demonstrate this effect allows for not only optogenetics to be used but also other techniques to manipulate the brain (e.g., DREADDs, intracranial injections, lesions) or to record brain activity (e.g., electrophysiology, calcium imaging). Further study of context-driven salt seeking with this procedure may help elucidate the neural bases of disorders of aberrant motivation that may lead to reduced reward seeking, as in depression, or non-homeostatic reward seeking (e.g., overeating leading to obesity). In addition, this procedure could be easily extended to investigate the neural bases of other nutrient deficit-induced changes in behavior such as calcium appetite (Leshem et al., 1999; Schulkin, 2000) . 
Materials and Reagents

Procedure
A. Preparation of animals
This procedure is designed for rats as the subjects. Rats are food restricted and maintained at 85%
of their ad libitum weights throughout the experiment to motivate them to drink the sucrose and salt solutions.
B. Preparation of apparatus 1. Behavioral training is conducted in a custom-designed place preference chamber (29.5 x 12.5
x 21 in.), which we had made by the Dartmouth Apparatus Shop (Figure 1 ). The outside walls of the chamber are made of transparent acrylic, and there are acrylic inserts that can be placed in the chamber to divide it into three separate contexts. All training and testing is conducted in the dark except for the red light provided by the portable luminaires (see Figure 1 ) to provide enough illumination for recording purposes. Step 1: Rats are trained over 8 days to associate one context with access to sucrose (e.g., Grid) and another context with access to salt (e.g., Striped). Step 2: Rats are then given a baseline test session in which they have access to both contexts without sucrose or salt (but flavored solutions still present). Following 4 days of retraining (2 days in each context), rats are then depleted of bodily sodium through furosemide injections (i.p.).
Step 3: After 48 h, rats are placed back into the chamber for a depletion test that is identical to the baseline test session.
Step 4: Finally, rats are given a consumption test that is identical to the previous test sessions but sucrose and salt are now available. All training and testing sessions are 20 min in length.
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Step 2: Baseline test 1. Once initial training is complete, rats are then given a 20 min baseline preference test in which they are allowed to explore the entire chamber, including both the Grid and Striped contexts, for the first time (both wall inserts are removed). The Grid and Striped contexts in this test session are identical as in training. One important exception is that sucrose and salt are not present in the flavored solutions. We conduct the baseline preference test in this way to gauge rats' ability to use the contextual cues of the chamber to guide their behavior. The test serves as an important comparison point for an identical test conducted after sodium depletion.
Retraining and sodium depletion 1. Following the baseline test session, the rats are given an additional 4 days of training (2 sessions in each context) that is identical to the initial training sessions (Step 1). We give rats an additional 4 days of training to re-strengthen the associations between sucrose and salt with their respective contexts, which may be weakened following the baseline preference test. After the final training session, rats are given systemic injections of the diuretic furosemide (10 mg/ml/kg; i.p.; Merck). In order to maintain sodium deprivation, rats are also maintained on a sodium-free diet (TestDiet) and distilled water immediately following furosemide injections.
Step 3: Depletion test
1. Forty-eight hours after the furosemide injection, rats are then given another context preference test (depletion test). This test is identical to the baseline preference test (i.e., the full chamber is accessible; flavored solutions are available, but contain no salt or sucrose), except now the rats are sodium-deprived. We perform the depletion test this way in order to directly compare the elevation in time spent in the salt-paired context following sodium depletion compared to the baseline preference test.
Step 4: Consumption test 2. For analyses with multiple data points from each subject (e.g., training consumption data or 5-min block data), repeated measures ANOVAs are used. For analyses with a single data point from each subject (e.g., elevation scores) based on a priori test plans, generalized linear models can be used. Significant interactions are followed up with Bonferroni-corrected generalized linear models. Otherwise, all analyses have a rejection criterion of P < 0.05.
3. Figure 3 presents what one would expect to observe for a control group of rats in our salt appetite procedure (n = 19 male rats; group means ± SEM; adapted from Chang et al., 2017) .
Rats should drink more sucrose than salt over the course of training ( Figure 3A) . Following sodium depletion, rats should show an elevation in time spent in the salt paired context during the depletion test compared to the baseline test ( Figure 3B ). Finally, rats should show in elevation in the consumption of salt and a decrease in the consumption of sucrose compared to the last training day with each solution following sodium depletion ( Figure 3C ). Neural manipulations during either the depletion and consumption tests may reveal dissociations between context-driven salt seeking and salt consumption following sodium depletion. One salient example is our prior study (Chang et al., 2017) , in which we observed a specific deficit in context-driven salt seeking but not salt consumption following sodium depletion with optogenetic inhibition of the VP. 3. We have only run this procedure using male rats, but we would not expect to see differences between male and female rats.
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